The 11 Mpc Hα and Ultraviolet Galaxy (11HUGS) Survey traces the star formation activity of nearby galaxies. In addition within this volume the detection completeness of core-collapse supernovae (CCSNe) is high therefore by comparing these observed stellar births and deaths we can make a sensitive test of our understanding of how stars live and die. In this paper, we use the results of the Binary Population and Spectral Synthesis (BPASS) code to simulate the 11HUGS galaxies' Hα and far-ultraviolet (FUV) star formation rate indicators (SFRIs) and simultaneously match the corecollapse supernova (CCSN) rate. We find that stellar population including interacting binary stars makes little difference to the total CCSN rate but increases the Hα and FUV fluxes for a constant number of stars being formed. In addition they significantly increase the predicted rate of type Ibc supernovae (SNe) relative to type II SNe to the level observed in the 11HUGS galaxies. We also find that instead of assuming a constant star formation history (SFH) for the galaxies our best fitting models have a star formation rate (SFR) that peaked more than 3 Myrs ago.
INTRODUCTION
Core-collapse supernovae (CCSNe) are the explosive events that mark the death of massive stars ( 8M⊙) ). They are classified into hydrogen-rich events, Type IIP/L/n/b, and hydrogen-deficient events, type Ib/c, according to the presence or absence of hydrogen lines in their spectrum (Filippenko 1997) . This is directly related to the composition of the outer layers of a progenitor star at the moment of explosion. Type II supernova (SN) progenitors have kept their hydrogen rich outer envelope intact, while type Ib/c have lost the hydrogen envelope. The most direct evidence linking the star that explodes to the type of SN is from direct detection of the progenitor in pre-explosion images (e.g. Li et al. 2007; Smartt 2009 ). Non-detections of progenitors in pre-explosion images for type Ibc SN were used by Eldridge et al. (2013) to indicate the important effect of interacting binary stars on determining the CCSN progenitor diversities and local CCSN rate. This idea was later reinforced by the probable detection of a binary system progenitor for the type Ibc SN iPTF13bvn (Cao et al. 2013; Bersten et al. 2014; Eldridge et al. 2015) .
However, it is difficult to directly detect CCSN progenitors because the event must occur in a galaxy within about 30 Mpc that has been imaged by the Hubble ⋆ E-mail: lin.xiao@auckland.ac.nz † E-mail: j.eldridge@auckland.ac.nz Space Telescope before explosion. Therefore indirect methods must be exploited to gain further insight into CCSNe. The most useful methods include the relative rates of different CCSN types (e.g. Podsiadlowski et al. 1992; De Donder & Vanbeveren 1998; Hakobyan 2008; Eldridge et al. 2008; Boissier & Prantzos 2009; Smith et al. 2011) , the stellar populations surrounding the site of CCSNe (e.g. Williams et al. 2014 ) and the location of CCSNe within their host galaxies (e.g. Fruchter et al. 2006; James & Anderson 2006; Kelly et al. 2008; Anderson et al. 2012) .
One other interesting constraint on CCSNe and their progenitors can be obtained by exploiting the link between stellar deaths and stellar births. This was attempted by Botticella et al. (2012) . They used the 11HUGS galaxy catalogue that lists the Hα and FUV fluxes for a large number of galaxies within 11 Mpc. These fluxes are commonly used tracers of recent star formation (Kennicutt 1998) . The amount of Hα and FUV emitted are determined by the most massive hot stars that evolve quickly and explode as CCSNe a few million years after their formation. Botticella et al. (2012) were able to show that the observed Hα and FUV fluxes from the 11HUGS galaxies were consistent with the observed CCSN rate for the galaxies if the minimum stellar mass for a CCSN to occur was 8M⊙, in agreement with results from CCSN progenitor detection in Smartt et al. (2009) . This study was repeated by Horiuchi et al. (2013) who tried a slightly more sophisticated modelling of the 11HUGS galaxies. Rather than using the canonical expected SFR conversion factors from Kennicutt (1998) they estimated the expected Hα, FUV flux and CCSN rate from the latest stellar models including rotation calculated by Ekström et al. (2012) . Over the last few decades the understanding of how rotation affects stellar evolution has significantly advanced (see reviews by Maeder & Meynet 2000; Langer 2012) . The general effect is to increase the main-sequence life time and temperature of massive stars as they evolve so lead to more Hα and FUV flux being emitted for the same SFR. Horiuchi et al. (2013) found that it is possible that there could be a CCSN rate excess as well as that the observations disfavoured the rotating models as they made this SN rate excess worse.
There is a second important factor left for our stellar population models that is the effect of interacting binaries. When two stars are orbiting each other in a binary-star system the opportunity for mass transfer between the two stars arises. The more massive star typically evolves faster than the less massive star, fills its Roche-Lobe and transfers mass to the companion star. This produces more hot and luminous stars and therefore has similar observed consequence as stellar rotation does (e.g. Vanbeveren et al. 1998; Eldridge et al. 2008; Zhang & Li 2012) . However the situation may be more complex as there is evidence that the most rapid rotation only occurs in binary systems (de Mink et al. 2013) .
In this paper we continue the work of Botticella et al. (2012) and Horiuchi et al. (2013) by attempting to match the observed Hα, FUV fluxes and CCSN rate in the 11HUGS galaxies. We will use the Binary Population and Spectral Synthesis (BPASS, http://bpass.auckland.ac.nz) code that accounts for the impact of interacting binaries on stellar populations (Eldridge & Stanway 2009 . The BPASS code has been tested against a number of different observables that are dependant on the evolution of massive stars. Our aim is to apply a simple test to BPASS models to reproducing the CCSN rate, Hα and FUV fluxes. Our work concentrates on the effect of interacting binary stars on the CCSN rate of their host galaxies. We also include two other refinements to our models. First we reproduce the chemical compositions of the 11HUGS galaxies based on the B-band magnitude of nearby galaxies sample rather than using a Solar composition population. Second we allow the SFH to vary rather than assuming only a constant SFR.
The structure of this paper is arranged as follows. In Section 2, we introduce the 11HUGS and CCSN samples and how we determine the metallicity of the 11HUGS galaxies. In the following Section 3, we summarise the effect of interacting binary stars on CCSN rate and SFRIs we find from the BPASS code's results. We also outline how we use these BPASS results to construct our synthetic galaxy models. In Section 4, we compare our models to observations before finally discussing our results and presenting our conclusions in Section 5. Table 1 . Nearby galaxy sample from the 11 HUGS survey (Lee et al. 2004; Botticella et al. 2012) and CCSNe sample from Eldridge et al. (2013) 
GALAXY AND CCSNE SAMPLES
The galaxy samples we adopt in this paper are drawn from Botticella et al. (2012) . There are three different samples: 383 galaxies with measured flux in Hα (sample A), 312 galaxies with measured fluxes in Hα and FUV (sample B) and 167 galaxies with measured fluxes in Hα, FUV and Total Infrared (TIR) (sample C). We list the observed fluxes of these samples in Table 1 . We broadly assume that the relative ratio of Hα and FUV flux is constant. Therefore applying the averaged flux ratio of Hα and FUV of Sample B and C to Sample A, we estimate the FUV luminosity of Sample A: LUV = (106 ± 8) × 10 28 erg s −1 Hz −1 .
In addition, we list the details of the 17 CCSNe discovered within 11 Mpc from 1998 to 2012 in Table 2 . It is directly based on the work of Botticella et al. (2012) , where they picked out all identified SNe occurred in galaxy sample A of 11HUGS survey from 1885 to 2010 from the Asiago SNe catalogue (Barbon et al. 2008) . We limit our SNe sample to only core-collapse events. We also extend this CCSN list up to 2012 using the SN list from Eldridge et al. (2013) . whether there might have been some CCSNe unobserved. For example some CCSNe might occur in very dusty regions of galaxies and remain unobserved or some SNe might form black holes and remain unobserved (e.g. Smartt 2015) . However modern SN searches are unlikely to have missed many SNe. In addition if any SNe are unobservable due to dust, their associated Hα and FUV emission will also be decrease thus in this work should not contribute to the observed SFRIs. Although in light of these concerns we can suggest that our CCSN rate is at least a robust lower limit.
METHOD
Our method to reproduce the 11HUGS Hα flux, UV flux and CCSN rate falls into three steps. First a metallicity classification of the 11HUGS galaxies is applied so that we can blend our models of different metallicities and obtain a more realistic simulation of 11HUGS sample. Second we describe the BPASS stellar population model that we use to construct our models, and discuss the effect of interacting binary stars on CCSN rate and SFRIs of star-forming galaxies. Finally we outline our method to create a synthetic galaxy model with various star-formation histories.
Metallicity Classification
Previous studies have only considered reproducing the stellar populations in 11HUGS samples by using only Solar metallicity composition for the stellar populations. However it is well known that synthetic population results depend on metallicity even when interacting binaries are included. Therefore we take account of the varying chemical compositions of the 11HUGS galaxies. We estimate the galaxies' metallicity by using the luminosity-metallicity (L-Z) relation of the SDSS galaxies provided by Tremonti et al. (2004) . This shows generally good agreement with other local samples of galaxies. The relation is,
The ratio of oxygen and hydrogen [O/H], is a common measurement of galaxy metallicity and able to be estimated by the B-band magnitude of the host galaxy taken from Lee et al. (2011) . However, this L-Z relation is strongly affected by dust attenuation and the choice of which strong-line abundance calibrations are used as discussed in Kewley & Ellison (2008) . To quantify the influence of dust, Tremonti et al. (2004) correct the galaxy luminosities for intrinsic attenuation using the attenuation curve of Charlot & Fall (2000) and assume that the stars experience one third of the attenuation measured in nebular gas. To account for the effect of using different strong-line abundance calibrations, we use the work of Kewley & Ellison (2008) who derived conversion relations between different strong-line calibrations. Here we use their conservation relations between Tremonti model (T04) and two other models of Kobulnicky & Kewley (2004) model (KK04) and Pettini & Pagel (2004) model (PP04 O3N2). These two models are the possible extremes to the T04 model. Therefore by comparing to these we can estimate how our results depend on the metallicity classification assumed.
BPASS has five different metallicities for its model populations, ranging from one twentieth to twice Solar. To determine how much star formation occurs at different metallicity environments we compare the galaxies' metallicity to the input values for the BPASS models and calculate the fraction of total observed galaxy population (f gal ), Hα flux (fHα), FUV flux (fFUV) and CCSN rate (fCCSN) at each metallicity. For this classification we use Sample B because it is large enough to cover more than 80 per cent of the total sample and has both Hα and FUV observations available. Our metallicity classifications with respected to 2.2 ± 0.9 3.7 ± 1.3 1.1 ± 0.2 1.6 ± 0.3 1.2 ± 0.2 1.1 ± 0.2 0.11 ± 0.06 0.61 ± 0.11 0.020 1.6 ± 0.7 2.7 ± 1.0
0.001 31.2 ± 4.0 44 ± 5.0 12.7 ± 0.7 17.9 ± 0.8 12.0 ± 0.6 11.0 ± 0.5 0.003 ± 0.0008 0.46 ± 0.01 0.004 25.5 ± 3.4 57.8 ± 4.7 11.3 ± 0.6 19.2 ± 0.9 11.9 ± 0.6 11.8 ± 0.6 0.06 ± 0.01 0.63 ± 0.03 0.008 22.0 ± 2.9 37.0 ± 4.0 10.8 ± 0.7 16.4 ± 0.9 12.0 ± 0.6 11.2 ± 0.5 0.11 ± 0.02 0.61 ± 0.04 0.020 16.1 ± 2.4 26.9 ± 3.3 9.7 ± 0.7 14.0 ± 0.9 9.8 ± 0.5 9.9 ± 0.5 0.19 ± 0.03 0.64 ± 0.04 0.040 11.7 ± 1.7 19.9 ± 2.3 8.6 ± 0.6 12.9 ± 0.8 8.2 ± 0.5 8.4 ± 0.5 0. Table 3 .
We take T04 model as our standard metallicity classification and find lower metallicity galaxies dominate in number as they are mainly dwarf galaxies. They contribute little to the FUV flux and a small but significant fraction of the Hα flux. None of the CCSNe occur in the lowest metallicity galaxies. The galaxies from LMC (Z=0.008) to twice Solar metallicity (Z=0.04) however contribute most of the light and CCSNe in our sample. We use the relative fractions of the FUV flux at different metallicities to create our model population because of a better agreement between FUV flux and the CCSN rate. The Hα flux peaks towards lower metallicities and is sensitive to a shorter period of star formation, only the last 10 Myrs rather than the longer timescale for CCSN and FUV flux of 100 Myrs. Therefore the FUV flux better represent the averaged SFR during the period where SN progenitors will be born. We would expect the low metallicity dwarf galaxies to be younger with more Hα dominated star burst than high metallicity galaxies. Also recent work by Boquien et al. (2015) suggested that the amount of Hα emission that escapes depend on the intensity of star formation in a galaxy. From their result we expect more Hα emission to escape from dwarf galaxies but less Hα emission to escape from giant galaxies which have more diffuse starforming regions. However the main reason why the Hα and FUV fluxes are greater is that lower metallicity stars are hotter and therefore emit more Hα flux relative to FUV flux.
The variation of emitted fluxes with metallicity can be seen in our model populations shown in Table 4 . It presents the predicted Hα and FUV flux at different metallicities from single-star and binary-star populations with star formations of 1M⊙/yr, 10M⊙yr −1 , 50M⊙yr −1 , 100M⊙yr −1 along with uncertainties in the prediction. These fluxes are derived through our synthetic galaxy model which is discussed in detail in Section 3.3. The SFR is contributed from total galaxy's star formation which vary with stochastic effect from constructing galaxy by individual star clusters. Therefore at given SFR the uncertainties of flux, CCSN rate and CCSN relative ratio, are highly dependent on how many star clusters are required. In addition, the uncertainties decrease with increasing SFR as stochastic effect decrease. The FUV fluxes for both single and binary models, decline slightly as metallicity increases compared to the Hα flux which changes by a factor of 2. Moreover, FUV flux experience similar declining as CCSN rate does when metallicity increase. As for the relative ratio of type Ibc to type II SN, it gradually increases with the increasing metallicity but keeps almost constant at given metallicity whatever the value of total SFR is. In addition, compared to single-star model binary-star model produced more Hα and FUV flux and increased the relative ratio of type Ibc and type II SN, but made little difference in total CCSN rate. This will be discussed in detail in section 3.2. On balance, FUV flux is our best choice for this metallicity classification for the 11HUGS galaxies.
The choice of different metallicity calibrations can lead to large variations in the classification of 11HUGS sample as shown in Table 3 . Compared to the T04 model, the KK04 model is biased towards higher metallicities in all aspects: observed galaxy fraction, the fraction of Hα and FUV flux On the other hand PP04 O3N2 model push more galaxies below solar metallicity and almost half of the total Hα flux, 40 per cent of FUV flux and 30 per cent of CCSN are given from galaxies below solar metallicity. These differences in metallicity classifications are finally resulting in the variations of our metallicity-mixed models shown in Table 5 .
We find, compared to T04, the KK04 model favours higher metallicities, decreasing the Hα flux slightly and no effects on FUV flux for both single-star and binary-star models. While the PP04 model that is biased to low metallicities, enhances the Hα emission by a third and slightly increases FUV emission. This result is consistent with what we get from a single composition as shown in Table 4 , with more Hα and FUV fluxes from lower metallicities and larger variations in Hα flux than FUV flux. However different metallicity classifications only lead to a slight variation in CCSN rate and the relative ratios from different metallicity models even keep almost constant. This is because for all the metallicity classifications the CCSN rate is dominated by either solar (PP04 O3N2 model) or twice-solar (KK04 model) metallicity galaxies. Table 4 shows a little difference in the CCSN rates and the relative ratios between these two single metallicity models. In summary, we can match the observations better by changing the metallicity compositions of galaxies. In our following work we adopt T04 model as a standard to make metallicity classification of 11HUGS sample. These supplementary models we have created allow us to estimate how uncertain our predictions are due to assumed metallicities of the 11HUGS galaxies.
Binary Effect on CCSN Rate and SFRIs
We construct our galaxy model using the results of BPASS, a population-synthesis model based on a detailed stellar evolution code calculated in Eldridge et al. (2008) . There are two sets of detailed evolution model, single stars and an extensive set of binary stars, to produce a realistic synthetic stellar population as observations show approximately 70 per cent of massive stars have their evolution affected by binary interactions (e.g. Sana et al. 2012) . These evolution models are combined with an atmosphere model to predict emitted spectrum of the stars. Moreover, a composite stellar spectrum is calculated for a range of ages. This process is described in detail in Eldridge & Stanway (2009 .
To calculate the CCSN rate, first we determine whether a star produces CCSN and which types CCSN occur at the end of its evolution. We use the same requirements for both single-star population and binary-star population. A star with final mass greater than 2M⊙ and carbon-oxygen core mass over 1.38M⊙ are taken to experience a CCSN. All the identified CCSN progenitors are then divided into type II SNe with hydrogen in the final model and type Ibc SNe without hydrogen. Therefore, the fate of a star at given initial mass is determined by its mass loss during its lifetime. Compared to single-star model, mass transfer in an interacting binary systems can remove the outer hydrogen envelope from a star's surface and also lead to mass gain from the companion star. This result is a difference in the CCSN rate of different types as shown in Figure 1 . The predicted rates are from the composite model obtained by mixing the five metallicity populations. For both single-star and binary-star model, type II SNe arise from similar stellar population in terms of stellar age arranging from 6 Myrs to 60 Myrs, because more massive stars that die earlier have strong stellar winds that will remove the hydrogen for both sets of models. The binary model however have a reduced occurrence of type II SNe and increased the probability of type Ibc SNe. In addition, a type Ibc SN progenitor can only occur after a lifetime of 10 Myrs from an interacting binary star. When it comes to the total CCSN rate, binary populations make little difference, but as we have demonstrated it plays an important role in changing the relative ratio of type Ibc to type II SNe.
Interacting binaries also have a great effect on both Hα and FUV fluxes. Although the effect diverges with age. The Hα line from a star-forming galaxy is produced by hydrogen gas that have been photonionized by hot massive stars. This emission is contributed by stars with stellar ages less than 16 Myrs (Kennicutt 1998; Gogarten et al. 2009 ). Therefore, we derived Hα luminosity by taking account of all the Lyman continuum photons N(LyC) below the wavelength of λ = 912Å and follow the hydrogen recombination relation provided by Osterbrock & Ferland (2006) :
While the FUV flux arises from the continuum spectrum at the wavelength between 1556Å to 1576Å directly from the stars themselves spectrum. Stars contribute to this with ages up to approximately 100 Myrs (Kennicutt 1998; Gogarten et al. 2009 ).
How the Hα and FUV fluxes vary with stellar age of our composite metallicity population are shown in the 6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 8.0 6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7. right two panels of Figure 1 . We see that the binary-star population produces more flux than single-star population. These are in agreement with the greater values predicted by Zheng et al. (2012) . The extra emission occurs because of the binary interactions creating more hot stars with their hydrogen envelope stripped and mass-gain in binary systems. The FUV fluxes follow each other with the binary populations being only 0.1 to 0.2 dex greater at any age.
A greater difference occurs for the Hα flux. After 3 Myrs which is the life duration of a typical H II region (Crowther 2013) , the Hα flux from binary-star model does not decay as rapidly as single-star model. This again is due to more longer-lived stars but also more hot massive stars at later times to continue to contribute to the Hα flux. In addition, the short lifetime of the typical H II region implies that binary-star models have only a small effect on observed H II regions. However over longer timescale the amount of diffuse Hα emission from a galaxy might represent less star-formation than previously thought.
Our Synthetic 11HUGS Model
Using the BPASS results described above, we construct our synthetic 11HUGS galaxies model as follows. We follow the method of Eldridge (2012) by creating galaxies from individual star clusters from a range of masses between 50M⊙ and 10 6 M⊙. We pick the masses at random according to a cluster mass function from Hunter et al. (2003) of the form:
Rather than uniformly distributing the age of clusters we set their age randomly too. For example to reproduce a constant star formation we allow the cluster to have any age from 0 to 10 Gyrs ago. With each cluster's age and mass we then select and scale the appropriate BPASS output and add it into our total predicted spectrum and current CCSN rate of model galaxies. After repeated work as above for different metallicity galaxy populations we mix the model galaxies based on the metallicity classification of 11HUGS sample and obtain a composite 11 HUGS model. With this method of creation we have a prediction of SFRIs appearance and CCSN rate from stellar populations spanning a SFR from 10 −3 M⊙yr −1 to 100M⊙yr −1 . At low SFRs our results do predict a range of possible appearances due to stochastic effects which can be seen in Table 4 A further variation to our 11HUGS model is that we have also created models with a delayed SFH as in Lee et al. (2010) . The SFR, Ψ(t, τ ), in the delayed SFH is given by
where t is the time since the onset of star formation and τ is the star formation time scale parameter. In our work we allow τ to vary from 1 Myrs to 30 Myrs. Compared to constant SFH, delayed SFH has its dominated star-burst time range around τ where we can expect relatively high SFR appears. This time range is directly dependent on the choice of τ . Increasing τ increases the proportion of older stars relative to the younger stars, and therefore alters the predicted results of our synthetic models. As shown in Figure 2 , SFH with lower values of τ experience a sharper increase at earlier times. As τ increases, delayed SFH approach to constant SFH evolving similarly. From the plot in logarithm time scale, we can have a more clearly look at its dominated star-burst period. Here, the position with the largest increasing slope correspond to a star-burst peak which is around τ . After the peak SFH decline gradually and a lower value of τ speed up this decline. As s result, increasing the value of τ does not only delay the star-burst peak time, but also extend the duration of the star formation. Moreover, we can associate our predicted CCSN rate to a stellar population with its dominated star-burst period known.
Our synthetic galaxy models under a delayed SFH and constant SFH predicting CCSN rate and full synthetic spectrum can be compared directly to the observed 11HUGS galaxies.
COMPARISON WITH 11HUGS

Constant SFH Model
Our constant SFH model is the simplest case to consider. We show how the Hα and FUV fluxes vary relative to the CCSN rate in Figure 3 . The values expected for the 11HUGS galaxies are shown by the boxes indicating the range of values allowed for the observed fluxes and CCSN rates. We find both single-star and binary-star models perform reasonably well with predictions within a factor of 2 to the observed values. Also the agreement is closer for the FUV flux rather than the Hα flux. However the models tend to overestimate the amount of Hα and FUV fluxes required to reproduce the observed CCSN rate, showing there is a possible excess of CCSNe as found by several studies (e.g. Ando et al. 2005; Kistler et al. 2011; Mattila et al. 2012; Horiuchi et al. 2013) . We also find that the standard single-star population achieves the closest fit to the observed parameters. Our binary-star models produce much greater Hα flux than the single-star population which causes tension with the observations. However there are limitations to our models which currently do not yet account for the effects of dust on the Hα and FUV emission.
On the other hand there is another test we can apply as shown in Table 6 . The ratio of the rate of type Ibc SNe to the rate of type II SNe is 0.31 ± 0.18. The large error is due to the small number of events. This ratio is strongly dependent on age, interacting binary fraction and Table 1 . Since the FUV flux of Sample A is arichived from our estimation, we mark it in a dashed red box.
metallicity. The effect of the latter is shown in Table 6 . The predicted CCSN rate ratios for our single-star and binary-star models are either side of the observed value. The single-star prediction is lower than the observed value but within the range allowed by errors. By contrast, the ratio from binary stars is higher than the observed value. However a mix of single-star and binary-star population also gives a good fit to the observed value.
Delayed SFH Model
With constant SFH we predict too much Hα and FUV flux relative to the CCSN rate. We therefore decided to investigate alternative SFHs in order to reduce the contribution of young stars. A delayed SFH is applied as described in Section 3. The outcomes we achieve under the delayed star birth assumption are shown in Figure 4 . Here the shaded regions show the range of Hα and FUV fluxes from our synthetic galaxies in which the predicted CCSN rate matches the observed rate of the 11HUGS galaxies.We see that for matching the Hα flux and the CCSN rate at the same time the preferred values for log(τ ) are between 6.3 to 6.7, or times of 2 to 5 Myrs. Although the binary-star models are only just below the observed values and so longer values of τ would not be unreasonable. While to match the FUV flux and CCSN rate a much wider range of possible values for log(τ ) are possible between 6.3 to 7.4, or times of 2 to 25 Myrs. This implies that FUV flux follows on a much longer timescale than the Hα flux as expected. Figure 5 illustrates how the relative ratio of the two CCSN type rates, R Ibc /RII, varies with τ . This plot is similar to Figure 4 showing that as τ increases the binarystar models are favoured relative to the single-star models where the ratio drops for the single stars. The key difference between the single-star and binary-star models is that the single-star population can only reproduce the observation for τ in a short period of approximately 2 Myrs. While the binary population, or a mix of single stars and binaries could reproduce the 11HUGS observations over a much longer time scale. However the delayed SFH models are in effect just a starburst model where the age of the burst is linked to its duration. So the best fit we can rule out is that the SFH that best matches the 11HUGS galaxies is one that is not dominated by a recent young burst but older more mature bursts.
In summary, our delayed SFH models show a preference for 3 Myrs in matching with observed values. This fact could be due to a sample selection effect but this is remote as 11HUGS are a distance limited sample not Hα selected. It is more likely that we are over predicting the Hα emission over the first 3 Myrs of the star formation.
DISCUSSION & CONCLUSIONS
We have created a synthetic model of the 11HUGS galaxies to investigate the effect of interacting binary stars. We find binaries do not vary the overall CCSN rate to any great degree but do boost the number of type Ibc SNe and the Hα and FUV SFRIs linked to hottest stars.
In trying to match the observations of the 11HUGS galaxies we must discuss the caveats within our population models. We have not yet accounted for the absorption of the ionizing photons by dust grains and therefore these photons do not form Hα flux (e.g. Relaño et al. 2012 ). This effect is not yet included in our models. In addition, the 11HUGS samples are only nearly complete. As in Sample A there is more star formation occurring than in Sample B, the expected Sample A FUV flux might be greater than we predict here. This result would then be in closer agreement with the binary-star population under constant SFH model. Therefore we should not be too surprised that the match is not perfect but there is more work to refine the synthetic galaxy population.
The most surprising fact however is that our constant SFH models produce too many CCSNe in the nearest 11 Mpc of space as argued in Horiuchi et al. (2013) . This implies that all supernovae predicted by the models have Table 1 . The pairs of black straight lines show the observed value range of Hα and UV flux in Sample AB and C as shown in Table 1 . Because the FUV flux of Sample A is arichived from our estimation, we mark it by two dashed black lines.
to be observed. If some massive stars form black holes at core collapse and are unobservable event as suggested by Horiuchi et al. (2014) then this excess of stellar deaths compared to stellar population models becomes more severe. However estimating whether a specific stellar model would produce an observable SN or not requires detailed modelling of the core-collapse and the subsequent explosion.
On the other hand, the delayed SFH model argues that the predicted CCSN rate from Hα and FUV SFRIs is dependent on the assumption of the SFH. One interpretation of our preferred delayed SFH model is that it implies Table 6 .
we over estimate the flux from young stars and therefore get an excess of CCSNe. A similar result is also provided by ionizing photon leakage and dust attenuation on Hα and FUV flux. Therefore to truly determine if the SFRIs and CCSN rate match, the ionized photon leakage and dust attenuation must be considered. However this is not straightforward.
We have also investigated how sensitive our results are to the metallicity calibration we use for modelling the metallicities of the 11HUGS galaxies. We find that having the more metal rich biased population leads to small changes in the Hα and FUV fluxes. With a more metal poor distribution we would find even more Hα and FUV fluxes and would result in greater disagreement between the observations and our models. Therefore the mismatch between our constant star-formation models and observations is difficult to explain by an incorrect metallicity distribution. Our main conclusion is that single-star models matches the observations best in terms of the prediction of total CCSN rate, when the effects of ionizing photon leakage and dust attenuation are not considered and assuming the local star formation has followed a constant SFH over the last few 100 Myrs. Binary-star models however prolong the stellar age of stars to go CCSN and therefore provide a better prediction of CCSN rate under various SFH spanning star-burst duration between 3 and 25 Myrs ago. In addition, single-star models under constant SFH predicted a lower ratio of type Ibc relative to type II SN but still within the observed uncertainty. By contrast, binary-star models overestimate the ratio. However, a mix of single-star and binary-star model also gives a good fit as in Eldridge et al. (2008 Eldridge et al. ( , 2013 . The limitation in making a firm determination is due to the large uncertainty caused by limited numbers of CCSN discovered. With more CCSN discovered within 11 Mpc this uncertainty will decrease. If the number of CCSN is doubled we estimate that it may become possible to rule out the single-star only population. One final argument against the single-star model is that under the delayed SFH the single-star model only match the observations for a burst of star formation only 2 Myrs old. However mixing in binaries to the single-star population provides a better fit with weaker constraints on the age of the population.
Finally we note that our results are robust if the CCSN sample is complete. However we already obtain too many CCSNe compared to its associated Hα and FUV. If there are missing SNe or other massive stellar deaths in our sample that are not included in our CCSN sample then the disagreement between models and observations becomes worse with too many stars dying compared to the number we observe forming.
